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Abstract: The histone lysine methyltransferase SET (Suppressor of variegation, Enhancer of Zeste, Trithorax) and MYND
(Myeloid-Nervy-DEAF1) domain-containing protein (SMYD?2) plays a role in the tumorigenesis of cervical squamous cell
carcinoma and endocervical adenocarcinoma (CESC). However, the prognostic significance of SMYD2 in CESC and the
link between SMYD2 and tumor-infiltrating immune cells are unknown. The prognostic value of SMYD2 in CESC was
obtained from The Cancer Genome Atlas (TCGA). SMYD2 mRNA and protein were both highly expressed in CESC com-
pared with normal tissues. The high expression of SMYD2 was associated with advanced tumor status and poor prognosis
in CESC patients. SMYD?2 was an independent prognostic factor for overall survival. In vitro experiments with knockdown
of SMYD?2 suppressed CESC cell migration and invasion. The online tumor immune estimation resource (TIMER) and
Kaplan-Meier analysis results revealed that the infiltration of CD4+ T and CD8+ T cells was related to poor prognosis. In
TIMER-based multivariate Cox regression analysis, CD8+ T cells and SMYD2 were demonstrated as independent prognostic
factors of CESC. In conclusion, our data suggest that high SMYD?2 expression is a predictor of poor prognosis in CESC
patients; SMYD2 could serve as a prognostic biomarker and molecular therapeutic target for CESC.
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INTRODUCTION The histone lysine methyltransferase SET and
MYND domain-containing protein 2 (SMYD?2) is
capable of methylating histone H3 at lysine 4 (H3K4)
or lysine 36 (H3K36) [3-5]. SMYD2 has been shown
to have a crucial role in different cancer types, in-
cluding gastric, colorectal and breast cancers [6-8].
A previous study also showed that SMYD2 promotes
cervical cancer growth by stimulating cell prolifera-
tion [9]. However, the study had not focused deeply
on exploring the underlying molecular mechanism of
SMYD?2 involved in the proliferation of CESC cells,
and no research has been conducted to test the prog-
nostic potential of SMYD?2 gene expression level in
CESC patients and the link of SMYD2 with tumor-
infiltrating cells in CESC.

Cervical squamous cell carcinoma and endocervi-
cal adenocarcinoma (CESC) is a prevalent gyneco-
logical cancer with increased occurrence and low
rate of survival [1]. According to the World Health
Organization, about 570,000 women worldwide were
diagnosed with CESC in 2018, and over 300,000 wom-
en died because of this disease. The most common
treatments at present are surgery, radiotherapy and
chemotherapy. However, many CESC patients are
diagnosed at an advanced stage, which causes treat-
ment hurdles and results in a high recurrence rate
and a poor prognosis [2]. To improve the recovery
rate of CESC patients, early detection and therapeutic
intervention are crucial. Effective biomarkers for risk

prediction, early diagnosis and prognostic evaluation
of CESC are urgently needed.
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To investigate the comprehensive relationship be-
tween SMYD?2 expression and CESC, a bioinformatics
study of CESC datasets from The Cancer Genome
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Atlas (TCGA) database was performed. Differential
expression of SMYD?2 in CESC and normal tissues was
analyzed; the correlation between SMYD?2 expression
and the clinicopathological characteristics and patient
prognosis was investigated. Using a small interfer-
ence RNA (siRNA), we induced the downregulation
of SMYD2 in CaSki and SiHa cells to investigate its
oncogenic effect. Finally, gene ontology (GO) analysis
and gene set enrichment analysis (GSEA) were carried
out to find possible biological activities and pathways
of SMYD2 in CESC. The Tumor Immune Estimation
Resource (TIMER) tool was used to investigate the
relationship between SMYD2 expression and the
tumor-infiltrating immune cells’ level in CESC. Our
study demonstrated that high SMYD2 expression is
associated with poor prognosis of patients in CESC
and that it may function as a useful prognostic indica-
tor and a promising therapeutic target in CESC.

MATERIALS AND METHODS
Data collection

CESC clinical data and gene expression data were
extracted from the online portal of TCGA (retrieved
May 25, 2021), which contained 3 normal cases and 306
CESC patients. Detailed clinicopathological data, in-
cluding survival status, survival time, gender, age, stage,
grade, metastasis (M), lymph node (N) and primary
tumor (T) were obtained in the TCGA-CESC cohort.
As this study complied with TCGA publication guide-
lines, an ethics committee approval was not required.

SMYD2 expression analysis in CESC

The levels of SMYD2 mRNA expression in CESC
and normal tissues were assessed through Gene
Expression Profiling Interactive Analysis (GEPIA)
(http://gepia.cancer-pku.cn/) [10]. Box plots were
used to show the differential expression of SMYD2.
Immunohistochemistry (IHC) staining was per-
formed to assess SMYD?2 protein expression levels in
normal and CESC tissues using the Human Protein
Atlas (HPA) (http://www.proteinatlas.org). The link
between SMYD?2 expression and clinical features such
as pathological stage, T, N, M and grade was investi-
gated using the Kruskal-Wallis and Wilcox tests.
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Overall survival (OS) analysis

Cervical cancer patients in TCGA-CESC cohorts
were sorted into two separate groups based on their
median value of SMYD2 mRNA expression: SMYD2
low expression and SMYD2 high expression. The R
“survival” package was used for comparing the OS
between these groups using the Kaplan-Meier sur-
vival curve.

Analysis of ROC

The R “survivalROC” package evaluated the predictive
value of SMYD2 as a CESC biomarker using receiver
operator characteristic (ROC) curve analysis. The
specificity and sensitivity were observed by comput-
ing the area under the curve (AUC). For evaluating
the SMYD2 prognostic prediction efficiency, we com-
puted the AUC values of 1-, 3- and 5-year survival.

Cell culture and transfection

Cervical cancer cell lines (CaSki and SiHa) were
obtained from the Chinese Academy of Science
Culture Collection (Shanghai, China). SiHa cells
were kept at 37°C and 5% CO, in minimal essential
medium (MEM) (Corning, NY, USA) with peni-
cillin (100 U/mL), 10% fetal bovine serum (FBS;
Gibco, Thermo Fisher Scientific, USA), and strep-
tomycin (100 U/mL). CaSki cells were cultured at
37°C and 5% CO, in RPMI-1640 medium (Life
Technologies, Shanghai, China) with 10% FBS,
streptomycin (100 U/mL), and penicillin (100 U/
mL). GenePharma (China) provided the specific
siRNAs and negative control (siRNA-NC). SMYD2-
siRNA, S 5-GGGCAUUAGACCCAGAAAUTT-3}
AS 5'-AUUUCUGGGUCUAAUGCCCTT -3’
were the target sequences of siRNA, and S 5'-
UUC UCC GAACGUGUCACGUTT -3'; AS
5-ACGUGACACGUUCGGAGAATT -3' were the
negative control siRNA sequences. Lipofectamine
2000 (Invitrogen, MA, USA) was used to transfect
SMYD2-siRNA into CaSki and SiHa cells, according
to the experimental guidelines. When the cells grew to
70% confluence, QRT-PCR and Western immunoblot-
ting (WB) was performed to assess the interference
efficiency of SMYD2-SiRNA after 48 h.
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RNA isolation and quantitative RT-PCR (qRT-PCR)

RNAiso Plus reagent (Takara BIO Inc, Kusatsu,
Shiga, Japan) was utilized for extracting the to-
tal. The concentration and quality of RNA based
on the ratio of the absorbance at 260 and 280 nm
(A260/280) was determined by spectrometry. A
PrimeScript RT reagent Kit (Takara) was used
to prepare cDNA; qRT-PCR was performed us-
ing an ABI StepOne Real-Time PCR System and
an SYBR Premix Ex Taq Kit (Takara), according to
the manufacturer’s instructions. The SMYD2 qRT-
PCR-related forward and reverse primer sequences
were 5-TACTGCAATGTGGAGTGTCAGA-3" and
5'-ACAGTCTCCGAGGGATTCCAG -3, respectively.
The expression levels of SMYD2 were measured using
qRT-PCR and normalized with B-actin as the endog-
enous control by using the 2-*4“* method.

WB analysis

Total protein was extracted in lysis buffer after im-
munoprecipitation (Beyotime, China). The bicincho-
ninic acid protein assay kit (Beyotime) was used to
determine protein concentrations. Proteins were sepa-
rated by 12% sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred to
polyvinylidene difluoride filter membranes (Bio-Rad
Laboratories Inc., USA). Membrane blocking was car-
ried out using 5% non-fat milk for 3 h, followed by
incubation with primary antibodies overnight at 4°C.
SMYD?2 (1:1000, Proteintech, IL, USA), proliferating
cell nuclear antigen (PCNA, 1:2000, Cell Signaling
Technology, MA, USA) and GAPDH (1:1000, Santa
Cruz Biotechnology Inc., CA, USA) were the primary
antibodies used. After washing, membranes were in-
cubated at room temperature for 1 h with an anti-rab-
bit/mouse IgG secondary antibody (1:50000, Abcam,
Cambridge, UK). Increased chemiluminescence was
used to visualize protein bands, and Image] software
was used to measure the band intensity.

Cell proliferation assay

To evaluate cell proliferation rates, the Cell Counting
Kit-8 (Yeasen Biotechnology (Shanghai) Co., Ltd.
China) was used. In 96-well plates of 2,000 cells per
well, equal numbers of transfected CaSki and SiHa cells

149

were plated. A microplate reader was used to assess the
cell viability at 12, 24, 48, 72 and 96 h by calculating
the absorbance at 450 nm. Cell proliferation was stud-
ied by conducting colony formation assays. A 6-well
plate was used to plate the transfected CaSki and SiHa
cells at a density of 1,000 cells per well and incubated
at 37°C for 14 days under 5% CO, to form colonies.
Colonies were then fixed using 70% methanol solution.
Further, 0.1% crystal violet was used for staining and
Image] software was used for quantification.

Migration assay

The capacity of CaSki and SiHa cell migration was
measured in vitro 10 h after transfection using the
Transwell assay. Membranes with 8-um pores in 24-
well Transwell plates (Corning, NY, USA) were used
for migration assays; 2x10° cells were seeded into the
serum-free medium in the upper chamber 48 h after
transfection, while 10% fetal bovine serum (FBS) me-
dium was added into the lower chamber. The inserted
cells were fixed in 75% methanol, stained using 0.1%
crystal violet, and quantified using Image]J software
at the end of the incubation.

Multivariate and univariate Cox regression
analysis

The R “survival” and R “survminer” packages were
used to perform multivariate and univariate regression
analyses with the aid of the Cox proportional hazard
regression model to probe into the independent fac-
tors related to CESC prognosis. The hazard ratio (HR)
and related 95% confidence interval (CI) were com-
puted. Age, stage, grade and SMYD?2 expression level
data were included in the univariate and multivariate
COX regression analyses. P<0.05 was considered sta-
tistically significant.

Functional enrichment analysis

The TCGA-CESC cohort was classified into two sepa-
rate groups based on the median of SMYD2 mRNA
expression as follows: SMYD2 high expression and
SMYD?2 low expression. The R “limma” package was
used to identify the differentially expressed genes
(DEGs) among these clusters, which included posi-
tive genes with SMYD2 (log FC (fold change) >0.5)



150

and negative genes with SMYD2 (log,FC<-0.5), with
the criteria of log2FC>0.5 and adjusted using P<0.05.
The R “ggplot2” package was used to plot the volcano
plots. The likely biological roles of SMYD?2 positive
and negative genes were investigated using GO en-
richment analysis. The terms of biological process
(BP), molecular function (MF) and cellular compo-
nent (CC) were included in the GO analysis (MF).

GSEA is a computational method for detecting
potential biological processes and signaling pathways
in different gene groupings. GSEA was performed us-
ing RNA-Seq data obtained from TCGA-CESC with
the reference gene set C2.cp.kegg.v7.4.symbols.gmt.
For each analysis, the gene set permutations were run
1,000 times. The highly enriched pathways were iden-
tified using P<0.05 and a false discovery rate <0.25.

Immune infiltrate analysis

TIMER (https://cistrome.shinyapps.io/timer/) is an
online integrative tool used for systematically ana-
lyzing the immune infiltrates in various cancer types
[11]. The TIMER database was used to analyze the
relationship between SMYD2 expression and im-
mune cell infiltration, which included dendritic cells,
CD8+ T cells, CD4+ T cells, B cells, macrophages,
and neutrophils. P<0.05 was considered statistically
significant. Kaplan-Meier curves showed the relation
between tumor-infiltrating immune cells and CESC
patient survival, and these were evaluated using a log-
rank test. Cox analysis was employed for assessing
the association between SMYD2 and these six tumor-
infiltrating immune cell types.

Statistical analysis

We used R (ver. 4.0.3) for performing analysis and
combining all statistical data extracted from the
TCGA. The levels of SMYD2 gene expression in nor-
mal cervical tissues and CESC tissues were compared
using GEPIA, and the data were assessed using one-
way ANOVA. The Wilcox and Kruskal-Wallis tests
were used to examine the relationship between SMYD2
expression and clinicopathological characteristics. We
carried out a Kaplan-Meier analysis and the log-rank
test to probe the relationship between SMYD2 ex-
pression and the OS rate of patients. Multivariate and
univariate Cox regression analyses helped to assess
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the prognostic value of SMYD2. P<0.05 was taken as
statistically significant. The link of SMYD2 to immune
infiltration was observed using the purity-corrected
partial Spearman correlation coefficient. All in vitro
studies were carried out in triplicate. Data were pro-
cessed using GraphPad Prism 8 software. Additionally,
data were presented as the meantstandard deviation
(SD) and analyzed using Student’s t-test. P<0.05 was
considered statistically significant.

RESULTS
SMYD2 expression analysis in CESC

The GEPIA database that was used to obtain mRNA
expression data from 306 CESC and 13 normal tissues
revealed that SMYD2 mRNA expression was higher
in CESC tissues as opposed to unaffected tissues (Fig.
1A). The HPA database showed that SMYD?2 protein
levels in CESC tissues were considerably higher than
in unaffected tissues (Fig. 1B and C). The link between
SMYD2 expression with the clinicopathological prop-
erties of CESC patients was examined. According to
our findings, the levels of SMYD2 mRNA expression
were linked with CESC stages (Fig. 1D). The relation-
ship between SMYD2 expression and T and N grades
was not statistically significant (Fig. 1E, F and G). M0
had lower levels of SMYD2 expression than M1 (Fig.
1H). These outcomes showed that SMYD2 expression
was related to advanced tumor status.

Patient survival and ROC analysis

Based on SMYD2 expression levels, TCGA-CESC pa-
tients were categorized into high and low cohorts. As
a cut-off value, the median level of SMYD2 expression
was employed. The total survival rates of the groups
were compared. According to the Kaplan-Meier analy-
sis, the SMYD2 high expression cohort had a consid-
erably poorer OS than the low expression cohort (Fig.
1I). The diagnostic and prognostic value of SMYD2
levels in CESC was investigated further using ROC
analysis. The AUCs of the SMYD2 were 0.69, 0.645
and 0.658, respectively for 1, 3 and 5 years of survival
(Fig. 1]). These results highlighted that high SMYD2
expression was positively linked to poor patient prog-
nosis, suggesting that SMYD2 could be used as a di-
agnostic marker in CESC.
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Fig. 1. Expression landscape and prognosis value of SMYD2 in CESC. A - Differential SMYD2 mRNA expression between CESC and
normal tissues. B, C Immunohistochemical staining SMYD2 in normal (antibody HPA029023, Patient id: 1773) and CESC (Antibody
HPAO029023, Patient id: 3382), respectively. D, E, F, G, H - Correlation between mRNA expression status of SMYD2 and clinicopatho-
logical attributes. I — Patients in the high SMYD?2 expression cohort exhibited shorter survival times in contrast to patients in the low
SMYD?2 expression cohort. J - AUC values of ROC predicted SMYD2 corresponding to 1-, 3- and 5-year overall survival rates. CESC
— cervical squamous cell carcinoma and endocervical adenocarcinoma; red: tumor tissues; blue: normal tissues. *P<0.05, **P<0.01,

***P<0.001; scale bar: 200 um.

SMYD2 was an independent prognostic factor Cox regression analysis. These findings showed that
SMYD?2 and stage were independent risk factors for
Multivariate and univariate Cox regression analyses CESC patient prognosis.

were performed to establish whether SMYD2 was

an independent prognostic marker for OS in CESC. Table 1. Univariate and multivariate Cox regression analyses of overall

survival in cervical cancer patients.

Stage (HR=1.501, 95% CI=1.175-1.918, P=0.001) and B : — _

SMYD2 (HR=1.057, 95% CI=1.025-1.090, P=0.0004) HRU“‘V“;;*;Z *I‘“alY;‘s 1 Hr““”gzr;a; an“‘gml

were shown to be highly linked to CESC OS based on 2 “vame ‘ ~vatue
.. . Age 1.016 | 0.996-1.036 | 0.110

univariate analysis (Table 1). Stage (HR=1.362, 95% Grade | 1037 |0.678.L.586 | 0.868

Cl=1.054-1.761, P=0.018) and SMYD2 (HR=.1.8‘0‘1, Stage | 1.501 |1.175-1.918 | 0.001 ||1.362|1.054-1.761 | 0.018

95% CI=1.166-2.783, P=0.008) were also signifi- SMYD2 | 1.057 | 1.025-1.090 | 0.0004 || 1.801 | 1.166-2.783 | 0.008

cantly associated with OS based on multivariate HR - Hazard ratio, CI - Confidence interval.
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Fig. 2. Knockdown of SMYD2 expression inhibits CESC cell proliferation and migration in vitro. A — WB analysis was performed to
detect the efficiency of si-SMYD2 delivery into the CaSki and SiHa cells and the expression of PCNA. B — qRT-PCR assay used to mea-
sure the efficiency of si-SMYD2 delivered into the CaSki and SiHa cells. C - SMYD2 interference inhibited cell viability in CESC cells
according to the CCK8 assay. D — Colony formation assay used to determine the number of cell colony in CaSki and SiHa cells after
transfection of SMYD2 siRNA. E - Transwell assay used to evaluate the migration of CaSki and SiHa cells after transfection of SMYD2
siRNA (magnification 20x). *P<0.05, **P<0.01, ***P<0.001 vs the NC group. qRT-PCR - quantitative real-time polymerase chain reac-
tion; CCK-8 - Cell Counting Kit-8; WB — Western blot.

SMYD2-specific siRNA transfection levels (P=0.0099, P=0.0212), and PCNA expression

downregulates SMYD2 expression in CESC cells was reduced in si-SMYD?2 of CaSki and SiHa cells
(P=0.0140, P=0.0044) (Fig. 2A and B). The interfer-

SMYD2 siRNA was developed and transfected into ence efficiency of si-SMYD2 was about 70%.

CaSki and SiHa cells to study the involvement of

SMYD2 in CESC. Negative siRNA was used as a SMYD2 promotes CESC cell proliferation and

normal control. To demonstrate the effectiveness of migration

siRNA delivery into cells, the expression of SMYD2

in CaSki and SiHa cells was evaluated using qRT-PCR We evaluated the proliferation and migration status

and WB assays. When compared to siRNA-NC trans- in previously established stable si-SMYD2 CaSki and

fected cells, the expression level of SMYD?2 in CaSki SiHa cells to assess the role of SMYD2 in controlling

and SiHa cells was significantly reduced in both pro- the biological activity of CESC cells. The CCK8 and

tein (P=0.0118, P=0.0151, respectively) and mRNA colony formation assays were used to observe how
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SMYD2 affected cell proliferation. Compared to NC
cells, CaSki-siRNA cells and SiHa-siRNA cells with
low SMYD?2 expression had a lower proliferation rate
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(P<0.0001, P<0.0001 at 96 h) and colony
formation ability (P=0.0036, P=0.0049)
(Fig. 2C and D, respectively). Transwell
migration assays were performed to study
the possible role of SMYD2 in modulat-
ing the migration ability of CESC cells.
These findings revealed that down-
regulation of SMYD2 lowered the rate
of migration in CaSki-siRNA cells and
SiHa-siRNA cells compared to NC cells
(P=0.0073, P=0.0083) (Fig. 2E). Our
findings suggested that SMYD?2 influ-
enced CESC cell proliferation and mi-
gration capacities.

Functional enrichment analysis

A total of 313 genes (114 positive and
199 negative SMYD?2 genes) were dis-
covered to be differentially expressed
in the SMYD2 high and low expression
groups. Volcano plot and heatmap were
plotted to illustrate the top 40 DEGs that
were positively and negatively linked to

SMYD2 (Fig. 3A, B and C). The roles and processes of
DEGs were investigated using GO and KEGG pathway
enrichment studies.
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Fig. 5. Correlation analysis between SMYD?2 expression and 6 kinds of infiltrating immune cells in CESC. A, B, C, D, E, F - Correlation
of SMYD2 expression with 6 different types of immune infiltration cells obtained from TIMER analysis. G - Kaplan-Meier curve analysis
illustrating the relationship between each type of immune cells and CESC prognosis.

In negative genes with SMYD2, the “immune re-
sponse-activating signal transduction” and “immune
response-activating cell surface receptor signaling
pathway” were significantly enriched in BP. CC was
mostly found in the “immunoglobulin complex” and
“external side of the plasma membrane”. MF had the
highest levels of “antigen-binding” and “endopeptidase
activity” (Fig. 4A).

In positive genes with SMYD2, the “response to
hypoxia” and “response to reduced oxygen levels”
were highly enriched in BP. CC was predominantly
found in “collagen-containing extracellular matrix”
and “growth cone” MF had higher levels of “cadherin
binding” and “integrin-binding” (Fig. 4B).

KEGG analysis revealed that SMYD?2 is involved
in many tumor-related regulation pathways. The cell
cycle, RNA polymerase, mismatch repair, oocyte

meiosis and transforming growth factor (TGF-f)
signaling pathway have all been linked to SMYD?2
expression, which is crucial for cancer cell prolifera-
tion and progression. SMYD?2 expression was found
to be negatively associated with the arachidonic acid
metabolism pathway, hematopoietic cell lineage and
leukocyte transendothelial migration, all of which
were linked to tumor suppression activities (Fig. 4C).
The outcomes revealed that high SMYD?2 expression is
positively correlated with tumor formation in CESC.

Analysis of immune infiltration

Tumor-infiltrating immune cells are important in-
dicators of cancer survival. The purity of a tumor
is an important factor in determining cancer prog-
nosis. TIMER was used in CESC to investigate
the relationship between SMYD2 expression and
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Table 2. Cox analysis of the relationship between immune cells and SMYD2 ex-

pression and prognosis in CESC patients.

155

of cancers, acting as a tumor-enhancing
gene involved in tumorigenesis and

Univariate analysis Multivariate analysis progression [12-13].In hepato cyte car-
0, _ 0, - . .

HR 95%Cl | P-value || HR 95%Cl | P-value cinoma and gastric cancer, the SMYD2

B cell 0.001 | 0.000-0.503 | 0.03 || 0.109 | 0.000-827.716 | 0.626 . .
expression pattern can be used as a di-

CD8+ T cell |0.037 | 0.002-0.755 | 0.032 ||0.006 | 0.000-0.827 | 0.042 aonostic biomarker and a useful bio
CD4+ T cell [0.009 | 0.000-0.965 | 0.048 ||0.011 | 0.000-20.231 | 0.241 8 et to inf dent S 6
Macrophage | 0.147 | 0.001-31.252 | 0.483 marker to inform patient prognosis [6,
Neutrophil | 0.004 | 0.000-0.791 | 0.041 || 0.067 |0.000-491.812 | 0.551 14]. However, the underlying chemical
Dendritic | 0.149 | 0.015-1.449 | 0.101 process as well as the involvement of
SMYD2 2.046 | 1.426-2.934 | 0.000 || 1.94 | 1.346-2.797 | 0.000 SMYD2 in CESC prognosis and the re-

HR - Hazard ratio, CI - Confidence interval.

tumor-infiltrating immune cell levels. SMYD?2 had a
strong negative correlation with the infiltration level
of macrophages (r=-0.15, P=0.0123), CD8+ T cells
(r=-0.135, P=0.0245) and B cells (r=-0.23, P < 0.001)
(Fig. 5A, B and C, respectively). SMYD?2 expression
was found to have no significant association with the
abundance of infiltrated dendritic cells (r=-0.044,
P=0.461), CD4+ T cells (r=0.05, P=0.406) and neu-
trophils (r=0.044, P=0.466) (Fig. 5D, E and F, respec-
tively). According to the Kaplan-Meier analysis, CD8+
T cells (P=0.026) and CD4+ T cells (P=0.018) can pre-
dict the outcome of CESC (Fig. 5G). These findings
demonstrated a favorable association between CD8+
T cells and CD4+ T cells tumor infiltration levels and
the 5-year OS rate. P<0.05 was considered statistically
significant. SMYD2 (HR=2.046, 95% CI=1.426-2.934,
P<0.001), B cell (HR=0.001, 95% CI=0.000-0.503,
P=0.03), CD8+ T cell (HR=0.037, C1=0.002-0.755,
P=0.032), CD4+ T cell (HR=0.009, CI=0.000-0.965,
P=0.048) and neutrophil (HR=0.004, CI=0.000-0.791,
P=0.041) were significant risks according to univariate
analyses. Multivariate analyses showed that SMYD2
(HR=1.94, 95% CI=1.346-2.797, P<0.001) and CD8+
T cell (HR=0.006, 95% CI=0.000-0.827, P=0.042) were
identified as independent risk factors in patients with
CESC (Table 2).

DISCUSSION

CESC has become one of the most prevalent malig-
nant gynecological tumors as evidenced by its high
recurrence and mortality rate. It is still crucial to find
important biomarkers linked to CESC progression
that might help with early diagnosis, progression pre-
diction and targeted treatment. Previous research has
suggested that SMYD2 may have a role in a variety

lationship between SMYD2 and tumor-

infiltrating cells still needs to be studied.
The objective of this study was to assess the SMYD2
expression profile for prognosis and immune infiltra-
tion in CESC patients.

In comparison with normal tissue expression
levels, the SMYD2 expression level was shown to
be greatly elevated in CESC at both the protein and
mRNA levels. High SMYD2 expression was positively
linked with advanced clinicopathological properties
and poor OS in CESC. ROC curve analysis showed
that SMYD2 could be used as a new diagnostic bio-
marker for CESC. SMYD2 was found to be an inde-
pendent predictor of CESC patients based on multi-
variate Cox regression analysis.

We examined the oncogenic effect of CESC cells
using functional assays based on bioinformatics analy-
sis. SMYD2 had a substantial effect on CESC prog-
nosis. The results of CCKS8, transwell and WB assays
revealed that SMYD?2 knockdown in CaSki and SiHa
cells substantially attenuated CESC cells proliferation
and migration in vitro. Tumor cells possess malignant
proliferation, migration and invasion properties that
significantly influence the occurrence and progres-
sion of cancer [15]. Proliferating cell nuclear antigen
(PCNA) is an important biomarker of cell prolifera-
tion [16] and its expression can indicate increased tu-
mor cell proliferation. SMYD2 knockdown resulted
in lowered PCNA expression level in CaSki and SiHa
cells, where it inhibited cell proliferation according to
the WB assay. The protein lysine methyltransferase
SMYD?2 functions as an oncogene involved in regu-
lating its downstream target genes through histone
or non-histone methylation and suppression of p53
activity to promote the metabolism of glucose [13,17].
These factors may influence tumor-cell proliferation,
apoptosis, metastasis and chemosensitivity [14,18].
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In this research, SMYD2 knockdown inhibited the
growth of CaSki and SiHa cells, which indicated that
SMYD2 acts as a tumor “instigator” in CESC.

According to the GO enrichment analysis, the
negative genes associated with SMYD2 were mostly
associated with anticancer immunity, including “im-

b3

mune response-activating signal transduction”, “hu-
moral immune response”, “immune response-acti-
vating cell surface receptor signaling pathway” and
“lymphocyte-mediated immune response”. These im-
munological pathways are linked to tumors and their
dysregulation is a major factor in tumor initiation and

development.

Additionally, positive genes with SMYD2 were en-
riched in “response to hypoxia,” “response to reduced
oxygen levels,” “response to the drug,” and “regulation
of cell morphogenesis involves differentiation,” all of
which are related to tumor development. Hypoxia is
a common occurrence in cancer. The rapid prolifera-
tion of cancer cells causes the supply of nutrients and
oxygen to be depleted. Hypoxia triggers a variety of
adaptation pathways and genetic changes in tumor
cells, allowing them to adjust to nutrition deficiency.
As aresult, the existence of hypoxic regions in a tumor
has been linked to poor patient prognosis [19].

KEGG inquiry found that SMYD2 overexpression
was linked to several tumor-related signaling path-
ways involving the cell cycle, mismatch repair, oocyte
meiosis, RNA polymerase and TGF-. Previous stud-
ies [20-25] have linked these pathways to cancer cell
growth, metastasis and invasion activities.

Deregulated cell-cycle control is a fundamental
aspect of cancer. Normal cells only proliferate in re-
sponse to developmental or other mitogenic signals
that indicate a requirement for tissue growth, whereas
the proliferation of cancer cells proceeds essentially
unchecked [21]; in this study, SMYD2 overexpression
was closely linked to the cell cycle. Furthermore, ex-
perimental studies reported that the TGF- signaling
pathway is important in the advancement of cervical
cancer, pelvic lymph node metastasis, proliferation
and migration [26-28]. Controlling oocyte meiosis
can inhibit ovarian cancer cell proliferation [29].
These outcomes support the results of the previous
study showing that elevated SMYD2 expression is as-
sociated with CESC progression and poor prognosis
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[9]. Furthermore, increased SMYD?2 expression was
related to a negative relationship between the arachi-
donic acid metabolism pathway and hematology. The
arachidonic acid pathway has a vital function in car-
cinogenesis [30]. Migration is one of the important
characteristics of cancer cells and promotes cancer
metastasis. Leukocyte transendothelial migration
could make cancer cells migrate slowly at the edge
of tumors, which can slow down the progression of
CESC [31]. As a result, it was discovered that SMYD2
may be involved in these important pathways, but
more research is required to validate this hypothesis.

SMYD2 expression was also associated with
different degrees of immunological infiltration in
CESC, which was an important discovery in this
study. Tumor-infiltrating immune cells are involved
in cancer progression and the effects of different in-
filtrating immune cell types vary [32]. The propor-
tion of macrophages, CD8+ and B cells infiltrated was
found to be adversely related to SMYD?2 expression.
According to Kaplan-Meier analysis, high CD8+ and
CD4+ tumor infiltration levels had favorable associa-
tions with a 5-year OS rate, indicating that low CD8+
and CD4+ T cell infiltration was linked to poor prog-
nosis of CESC. When compared to other variables,
multivariate Cox regression analyses indicated that
CD8+T cell and SMYD2 were important indepen-
dent risk factors. These findings suggest that SMYD2
modulates the immunological environment and that
CD8+T cell infiltration may be among the major fea-
tures of CESC with prognostic value. CD8+ T cells are
involved in the control of immune function such as
immune surveillance of tumor cells. After stimulation
by an antigen, CD8+ T cells proliferate and differ-
entiate to cytotoxic T lymphocytes to destroy cancer
cells by cell-cell interaction [33-37], indicating that
the negative regulation between SMYD2 and CD8+
T cell infiltration can possibly serve as an important
factor of SMYD?2 with a prognostic value. However,
the fundamental mechanism through which SMYD2
controls the immune response needs to be studied
further.

Our findings showed that high expression of
SMYD?2 plays a part in the poor prognosis of CESC
patients, and it can substantially increase the prolifera-
tion and migration of CESC cells. SMYD?2 is a novel
prognostic biomarker for CESC that may influence
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immune cell infiltration. However, in vivo validation
is required for this study. Tissues and animal experi-
ments will be required to further investigation into
the function and mechanism of SMYD?2.

CONCLUSIONS

According to our findings, SMYD2 promotes cell
growth and migration, exerting an oncogenic role in
CESC onset and advancement. High SMYD2 expres-
sion in the CESC microenvironment is linked to poor
prognosis and an increase in tumor-infiltrating im-
mune cells. Our findings revealed that SMYD2 is a
potential predictive biomarker that can also serve as
a promising molecular therapeutic target for CESC.
As a result, these findings provide a theoretical and
experimental foundation for understanding the role
of SMYD?2 in cervical carcinogenesis, and that it may
be a potential therapeutic target in CESC therapy.

Funding: The authors received no specific funding for this work.

Author contributions: Zhanglu An, Danyang Cai and Xiongzhi
Lin contributed equally to this work. All authors made substan-
tial contributions. Xiaojun Jin conceived and designed the study.
Shuaijun Xu and Jin Bin participated in the analysis of the results
and interpretation of the data. Zhanglu An performed the ex-
periments. Zhanglu An, Danyang Cai and Xiongzhi Lin wrote
the manuscript. All authors reviewed and edited the manuscript
and approved the final version before submission.

Conflict of interest disclosure: The authors report no conflict of
interest. The authors have no personal, financial or institutional
interest in any of the methods, materials or devices described in
this article.

Data availability: All data underlying the reported findings have
been provided as part of the submitted article and are available at:
https://www.serbiosoc.org.rs/NewUploads/Uploads/An%20et%20
al_7661_Data%20Report.pdf

REFERENCES

1. Friedman CF, Snyder Charen A, Zhou Q, Carducci MA,
Buckley De Meritens A, Corr BR, Fu S, Hollmann TJ,
Tasonos A, Konner JA, Konstantinopoulos PA, Modesitt
SC, Sharon E, Aghajanian C, Zamarin D. Phase II study of
atezolizumab in combination with bevacizumab in patients
with advanced cervical cancer. ] Immunother Cancer.
2020;8(2):e001126.
https://doi.org/10.1136/jitc-2020-001126

2. Ding H, Xiong XX, Fan GL, Yi YX, Chen YR, Wang JT,
Zhang W. The New Biomarker for Cervical Squamous Cell

11.

12.

13.

14.

157

Carcinoma and Endocervical Adenocarcinoma (CESC)
Based on Public Database Mining. BioMed Res Int.
2020;2020:5478574. https://doi.org/10.1155/2020/5478574
Brown MA, Sims R]J, 3rd, Gottlieb PD, Tucker PW. Identi-
fication and characterization of Smyd2: a split SET/MYND
domain-containing histone H3 lysine 36-specific methyl-
transferase that interacts with the Sin3 histone deacetylase
complex. Mol Cancer. 2006;5:26.
https://doi.org/10.1186/1476-4598-5-26

Abu-Farha M, Lambert JP, Al-Madhoun AS, Elisma F, Sker-
janc IS, Figeys D. The tale of two domains: proteomics and
genomics analysis of SMYD2, a new histone methyltransfer-
ase. Mol Cell Proteomics. 2008;7(3):560-72.
https://doi.org/10.1074/mcp.M700271-MCP200

Yi X, Jiang XJ, Fang ZM. Histone methyltransferase
SMYD2: ubiquitous regulator of disease. Clin Epigenetics.
2019;11(1):112. https://doi.org/10.1186/s13148-019-0711-4
Komatsu S, Ichikawa D, Hirajima S, Nagata H, Nishimura Y,
Kawaguchi T, Miyamae M, Okajima W, Ohashi T, Konishi
H, Shiozaki A, Fujiwara H, Okamoto K, Tsuda H, Imoto
I, Inazawa J, Otsuji E. Overexpression of SMYD2 contrib-
utes to malignant outcome in gastric cancer. Br J Cancer.
2015;112(2):357-64. https://doi.org/10.1038/bjc.2014.543
Li LX, Zhou JX, Calvet JP, Godwin AK, Jensen RA, Li X.
Lysine methyltransferase SMYD2 promotes triple negative
breast cancer progression. Cell Death Dis. 2018;9(3):326.
https://doi.org/10.1038/s41419-018-0347-x

Meng F, Liu X, Lin C, Xu L, Liu ], Zhang P, Zhang X, Song
J, Yan Y, Ren Z, Zhang Y. SMYD2 suppresses APC2 expres-
sion to activate the Wnt/B-catenin pathway and promotes
epithelial-mesenchymal transition in colorectal cancer. Am
J Cancer Res. 2020;10(3):997-1011.

Sun JJ, Li HL, Ma H, Shi Y, Yin LR, Guo SJ. SMYD?2 pro-
motes cervical cancer growth by stimulating cell prolifera-
tion. Cell Biosci. 2019;9:75.
https://doi.org/10.1186/s13578-019-0340-9

Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. GEPIA: a web
server for cancer and normal gene expression profiling and
interactive analyses. Nucleic Acids Res. 2017;45(W1):W98-
102. https://doi.org/10.1093/nar/gkx247

Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, Li B, Liu
XS. TIMER: A Web Server for Comprehensive Analy-
sis of Tumor-Infiltrating Immune Cells. Cancer Res.
2017;77(21):e108-10.
https://doi.org/10.1158/0008-5472.CAN-17-0307
Hamamoto R, Toyokawa G, Nakakido M, Ueda K, Naka-
mura Y. SMYD2-dependent HSP90 methylation promotes
cancer cell proliferation by regulating the chaperone com-
plex formation. Cancer Lett. 2014;351(1):126-33.
https://doi.org/10.1016/j.canlet.2014.05.014

Wu L, KouFE Ji Z, Li B, Zhang B, Guo Y, Yang L. SMYD2
promotes tumorigenesis and metastasis of lung adenocarci-
noma through RPS7. Cell Death Dis. 2021;12(5):439.
https://doi.org/10.1038/s41419-021-03720-w

Zuo SR, Zuo XC, He Y, Fang W], Wang CJ, Zou H, Chen
P, Huang LF, Huang LH, Xiang H, Liu SK. Positive Expres-
sion of SMYD2 is Associated with Poor Prognosis in
Patients with Primary Hepatocellular Carcinoma. ] Cancer.
2018;9(2):321-30. https://doi.org/10.7150/jca.22218


https://www.serbiosoc.org.rs/NewUploads/Uploads/An%20et%20al_7661_Data%20Report.pdf

158

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Revathidevi S, Munirajan AK. Akt in cancer: Mediator and
more. Semin Cancer Biol. 2019;59:80-91.
https://doi.org/10.1016/j.semcancer.2019.06.002
Gonzélez-Magana A, Blanco FJ. Human PCNA Structure,
Function and Interactions. Biomolecules. 2020;10(4).
https://doi.org/10.3390/biom10040570

Wang Y, Jin G, Guo Y, Cao Y, Niu S, Fan X, Zhang J. SMYD2
suppresses p53 activity to promote glucose metabolism in
cervical cancer. Exp Cell Res. 2021;404(2):112649.
https://doi.org/10.1016/j.yexcr.2021.112649

Yu YQ, Thonn V, Patankar JV, Thoma OM, Waldner M, Zie-
linska M, Bao LL, Gonzalez-Acera M, Wallmiiller S, Engel
FB, Stiirzl M, Neurath MF, Liebing E, Becker C. SMYD?2
targets RIPK1 and restricts TNF-induced apoptosis and
necroptosis to support colon tumor growth. Cell Death Dis.
2022;13(1):52. https://doi.org/10.1038/s41419-021-04483-0
Lee P, Chandel NS, Simon MC. Cellular adaptation to
hypoxia through hypoxia inducible factors and beyond. Nat
Rev Mol Cell Biol. 2020;21(5):268-83.
https://doi.org/10.1038/s41580-020-0227-y

Evan GI, Vousden KH. Proliferation, cell cycle and apoptosis
in cancer. Nature. 2001;411(6835):342-8.
https://doi.org/10.1038/35077213

Eifler K, Vertegaal ACO. SUMOylation-Mediated Regula-
tion of Cell Cycle Progression and Cancer. Trends Biochem
Sci. 2015;40(12):779-93.
https://doi.org/10.1016/j.tibs.2015.09.006

Baretti M, Le DT. DNA mismatch repair in cancer. Pharma-
col Ther. 2018;189:45-62.
https://doi.org/10.1016/j.pharmthera.2018.04.004

Wu X, Peng L, Zhang Y, Chen S, Lei Q, Li G, Zhang C. Iden-
tification of Key Genes and Pathways in Cervical Cancer by
Bioinformatics Analysis. Int ] Med Sci. 2019;16(6):800-12.
https://doi.org/10.7150/ijms.34172

Bywater MJ, Pearson RB, McArthur GA, Hannan RD. Dys-
regulation of the basal RNA polymerase transcription appa-
ratus in cancer. Nature reviews Cancer. 2013;13(5):299-314.
https://doi.org/10.1038/nrc3496

Tian Y, Sun F, Zhong Y, Huang W, Wang G, Liu C, Xiao
Y, Wu J, Mu L. Expression and Clinical Significance of
POLRID in Colorectal Cancer. Oncology. 2020;98(3):138-
45. https://doi.org/10.1159/000504174

Noordhuis MG, Fehrmann RS, Wisman GB, Nijhuis ER,
van Zanden JJ, Moerland PD, Ver Loren van Themaat E,
Volders HH, Kok M, ten Hoor KA, Hollema H, de Vries EG,
de Bock GH, van der Zee AG, Schuuring E. Involvement of
the TGF-beta and beta-catenin pathways in pelvic lymph
node metastasis in early-stage cervical cancer. Clin Cancer
Res. 2011;17(6):1317-30.
https://doi.org/10.1158/1078-0432.CCR-10-2320

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Arch Biol Sci. 2022;74(2):147-158

Chen J, Deng Y, Ao L, Song Y, Xu Y, Wang CC, Choy KW,
Tony Chung KH, Du Q, Sui Y, Yang T, Yang J, Li H, Zou C,
Tang T. The high-risk HPV oncogene E7 upregulates miR-
182 expression through the TGF-f/Smad pathway in cervi-
cal cancer. Cancer letters. 2019;460:75-85.
https://doi.org/10.1016/j.canlet.2019.06.015

Yuan J, Yi K, Yang L. TGFBR2 Regulates Hedgehog Path-
way and Cervical Cancer Cell Proliferation and Migration
by Mediating SMAD4. ] Proteome Res. 2020;19(8):3377-85.
https://doi.org/10.1021/acs.jproteome.0c00239

Lee SY, Kwon J, Woo JH, Kim KH, Lee KA. Bcl2110 mediates
the proliferation, invasion and migration of ovarian cancer
cells. Int ] Oncol. 2020;56(2):618-29.
https://doi.org/10.3892/ij0.2019.4949

Yarla NS, Bishayee A, Sethi G, Reddanna P, Kalle AM,
Dhananjaya BL, Dowluru KS, Chintala R, Duddukuri GR.
Targeting arachidonic acid pathway by natural products for
cancer prevention and therapy. Semin Cancer Biol. 2016;40-
41:48-81. https://doi.org/10.1016/j.semcancer.2016.02.001
Drake JM, Strohbehn G, Bair TB, Moreland JG, Henry MD.
ZEB1 enhances transendothelial migration and represses the
epithelial phenotype of prostate cancer cells. Mol Biol Cell.
2009;20(8):2207-17.
https://doi.org/10.1091/mbc.e08-10-1076

Fridman WH, Pages F, Sautés-Fridman C, Galon J. The
immune contexture in human tumours: impact on clinical
outcome. Nat Rev Cancer. 2012;12(4):298-306.
https://doi.org/10.1038/nrc3245

He QF Xu Y, Li J, Huang ZM, Li XH, Wang X. CD8+ T-cell
exhaustion in cancer: mechanisms and new area for cancer
immunotherapy. Brief Funct Genomics. 2019;18(2):99-106.
https://doi.org/10.1093/bfgp/ely006

Chen J, Wang Z, Wang W, Ren S, Xue J, Zhong L, Jiang T,
Wei H, Zhang C. SYT16 is a prognostic biomarker and cor-
related with immune infiltrates in glioma: A study based on
TCGA data. Int Immunopharmacol. 2020;84:106490.
https://doi.org/10.1016/j.intimp.2020.106490
Mami-Chouaib F, Blanc C, Corgnac S, Hans S, Malenica I,
Granier C, Tihy I, Tartour E. Resident memory T cells, criti-
cal components in tumor immunology. ] Immunother Can-
cer. 2018;6(1):87. https://doi.org/10.1186/s40425-018-0399-6
Jiang X, Xu J, Liu M, Xing H, Wang Z, Huang L, Mel-
lor AL, Wang W, Wu S. Adoptive CD8(+) T cell therapy
against cancer:Challenges and opportunities. Cancer Lett.
2019;462:23-32. https://doi.org/10.1016/j.canlet.2019.07.017
Xu E Guan Y, Xue L, Huang S, Gao K, Yang Z, Chong T. The
effect of a novel glycolysis-related gene signature on progres-
sion, prognosis and immune microenvironment of renal cell
carcinoma. BMC Cancer. 2020;20(1):1207.
https://doi.org/10.1186/s12885-020-07702-7





